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Abstract

This paper describes a system uniquely designed for the management and distribution of the Visible Human
(VH) cryosectioned color images of the male and the female. Moreover, this design approach is applicable
to the management and distribution of other large image datasets when optimized to their specific
characteristics. This research work includes the design and implementation of a robust lossless compression
algorithm to store and transmit VH images over the Internet, while also allowing easy access to the images
through the interactive selection of any section of the database for downloading and viewing in the users’
machines, accomplished by an interactive Java applet. Our system design is based on a color transformation
from RGB to HSI to facilitate an automated extraction of an anatomic object from the background yielding
a segmented image prior to compression. This unique two-step segmentation process, followed by lossles
coding using an Adaptive Arithmetic Coding (AAC) model, yields an average data reduction of 7.8:1 for
both male and female datasets and as high as 16:1 for specific slices. Reconstruction of the compressed
images is achieved by applying the inverse AAC algorithm. The final step is to set the background to black
and display, or store, the reconstructed images.

The system described here presents a solution for storage, management and distribution of a unique large
image dataset, namely VH color images, by efficient two step lossless compression, content based retrieval
and interactive fast transmission and viewing. Such a system as described here provides innovative
concepts for designing systems for other large databases by using optimization criteria for specific
databases.

Keywords: Visible Human, lossless compression, color transformation, content-based segmentation, web-
based software.

Introduction

Large volumes of image or other databases demand efficiently designed systems for management and
use. Such designs involve image/data analysis and communications methodologies including data
classification, segmentation, compression, fast transmission of needed data files, and content-based
retrieval of information for viewing by the users.

For the VH color datasets theoretical computations yield transmission times of about 3.3 days over a
traffic-free T1 line for the 15GB Male, 40GB Female VH low resolution (2048 x 1216 pixels) color images
[2]. Since traffic-free conditions are virtually impossible, the actual transmission time over a T1 line is
considerably longer than the time computed under ideal conditions. This is the reason why reduction in file
size is required to allow  users to have access to and store these datasets in a practical and efficient way. In
addition to having reduced size datasets, it is important to let users around the world have access to the VH
images and the ideal way to do it is through the Internet. Therefore, one of the objectives is the design and



implementation of Web-based software that can be used to select and download the files from the datasets
that users are interested in. This application specific, platform independent, software is constructed by a
graphical user interface between the user and the web server, that stores the files, and allows the selection,
preview and downloading of the selected compressed files from the NLM web server to the user’s
computer. The viewer software also allows the user to decompress and view the previously downloaded
files.

Although significant reduction in file size is one of the objectives, this image compression process
should not involve any loss of anatomical information, for archiving purposes, or the loss of any of the
fiduciary marks used to register the VH images. On the other hand, traditional lossless compression
algorithms [3] yield compression ratios (CR) of up to 3:1 only thus representing no significant
improvement in the problem at hand. Therefore, a custom designed lossless compression algorithm was
developed to reach higher CRs than traditional methods while taking into account the special characteristics
of the VH color images [4]. This method performs a segmentation of the image based on its content i.e.
background, anatomy, fiduciary marks, and passes this information to an Adaptive Arithmetic Coder
(AAC) [6] that performs the lossless compression. Initial experimental results yielded an average CR of
9.2:1 for the male VH color image data used.

The significance of this project is directly related to the number of people who would eventually be
able to use it. The users around the world access the Internet with a number of different platforms.  The
Java programming language is designed precisely to overcome this problem because it allows the
programmer to design and deploy applications using code that is directly transportable along the platforms
supported by the language. The software described in this report was written in Java 1.2 and is specifically
designed for Windows and Unix based systems but can be easily transported to other Java-enabled systems.

Current access to the VH image datasets is done by file name but it is difficult for most of the users to
relate these names to the actual region of the body the files correspond to. Therefore one of the goals was to
design an interactive Graphic User Interface (GUI) such that the user could choose the files from a “body
map”, i.e. a full body color image, using a simple selection window. Other desirable graphic characteristics,
like preview capability and file name display, were also included in the design of this GUI.

As an important part of the project, the main characteristics, advantages, and disadvantages of two
lossy coding algorithms, JPEG and EZW were also investigated [8][9]. This study shows the differences in
quality, compression ratio, and decoding time between these two algorithms. These three variables are used
to determine which lossy algorithm would be better to use as an option if the user would prefer to download
lossily compressed images. Although this would mean a relative saving in time, would also imply a certain
loss of detailed visual information. Therefore, the focus of this project remained in the use of lossless
compression. A vector quantization-based high fidelity lossy compression algorithm, namely AFLC-VQ,
was not included in the present study because of the longer computational time involved [10][11].

Methods

Lossless Compression

The methodology used in this research work is to apply a contour detection scheme to segment the
image as the first step. An adaptive arithmetic model [2] is then applied to code the segmented image
losslessly. For the male Visible Human color image set, the overall average lossless compression using the
above scheme is around 9:1 whereas the compression ratio of selected slices can be as high as 16:1. The
achievable compression ratio depends on the actual bit rate of the segmented images attained by lossless
coding as well as the compression obtained from segmentation alone. This significant improvement in
lossless compression achievable by segmentation and entropy coding has the advantage that the
computational time required by the entire process is quite fast. Therefore this improved lossless coding
model can be easily applied to large medical images such as the VH color images.

Medical images present a great source of development for segmentation techniques due to the fact that,
generally, many different regions within the images can be distinguished, classified, and labeled depending



on specific applications. However, feature segmentation, can also be used to determine sections of the
images useful for subsequent processing steps from sections that are not. This point of view leads to the
idea of determining regions of the images where there is no relevant information for the next processing
steps, i.e. it is redundant, and this is the basic idea behind data compression. Then, the problem becomes
the implementation of a technique to distinguish those regions of the image that can be set aside in the
processing flow.

It has been shown that a color image can be represented in terms of several color spaces and that these
representations are helpful in performing a number of different tasks like displaying, broadcasting,
compression, and transmission [2][4]. In this respect, the Hue component, from the Hue-Saturation-
Intensity (HIS) color space [7], offers the advantage of representing colors as angles in the unitary circle.
This can be used to distinguish different parts of images, for example, backgrounds from the main regions
of interest. Visible Human color images [1][5] are a good example of the application of such a technique
because the background can be distinguished very easily using its Hue component. In these images, the
background carries no information and therefore it can be discarded for further image processing. By doing
this, some compression is reached already. One step further is to code the remaining information in a
compact way using entropy coding techniques to obtain data representations suitable for storage and/or
transmission purposes without any loss of the original data. Among lossless coding techniques, arithmetic
coding has been proven to have performance advantages, and with the inclusion of adaptive models and
predictive coding, compression ratios (CR) very close to the limits imposed by source entropy can be
obtained [2].

Image segmentation

For the case of the Visible Human color images, the process consists of finding a segmentation mask to
discard the background. The Hue component of each image is used as the basis of this mask. The Hue value
of each RBG pixel can be obtained from the following relationship [4]

H=360o-H, if B>G

where R, G, and B are the red, green, and blue values of the corresponding pixel. The following three
figures show how the hue component of the VH color images can be used to discard the background.
Figure 1 shows the original RGB image (image a_vm1126.raw) and a horizontal line at row 590. Figure 2
shows the original pixel values along this line, i.e. the profile of the image at row 590. Then, figure 3 shows
the hue component of this profile. It can be clearly seen that the hue component corresponding to the
anatomical parts is completely different to the hue component corresponding to the surrounding
background and that a simple threshold would separate these two areas. This suggests the construction of a
segmentation mask.

This segmentation mask is built in two steps. First, the Hue values are adjusted in contrast and
brightness to accentuate the difference between the anatomical parts and the rest of the image. The next
step is to apply a threshold to the hue image. This operation yields a binary image because the original
dynamic range is regrouped into two values, black (0) for the values between zero and the threshold, and
white (255) for the values above the threshold. It can be seen from figure 3 that this binarization produces
black areas corresponding to the anatomical parts and white areas for the rest of the image. Because the
objective is to mask the anatomical parts the negative of the binary image is taken to have white areas
corresponding to anatomical parts and black areas corresponding to the rest of the image. This binary image
is the segmentation mask that is applied to the original image by performing a logical AND operation in a
pixel by pixel basis. The result is that all the original pixels that correspond to black pixels in the mask
become black and those corresponding to white pixels in the mask keep their original value. Figure 4 shows
the segmentation process step by step.



In the case of Visible Human images, the segmented images still have zones that remain after the
previous process that can be discarded, like the gray scale and post-it note at the bottom of the image and
the boundaries of the ice containing the anatomic parts. Therefore additional segmentation windows can be
used as the final step in the process. These windows are rectangular boundaries that surround the parts of
interest in the image, i.e. anatomy and fiduciary marks, as shown in figure 5. The result of the segmentation
process is a new image without background and reduced in size because anything outside the segmentation
windows is discarded.

The segmented image can then be subjected to subsequent processing steps, such as lossless coding.
Even direct storage results in substantial compression ratios. For example, for the image in figure 5, the
compression ratio after the segmentation step is 4.63:1 already.

Adaptive Arithmetic coding

The lossless coding technique chosen to compress the segmented images is Adaptive Arithmetic
Coding because of its already proven advantages over other techniques like Huffman, Lempel-Ziv, and
lossless JPEG [3][7]. The principle of this technique is to represent data from the source as a real number,
within an initial range, and having this number related to the probability of occurrence of the sequence of
symbols to be coded. The differentiation between source data and coded symbols is important because they
might not be the same. In the early implementations of arithmetic coding, the data from the source was
ASCII characters, pixel values, or any other representation of the source, and those values were taken as the
symbols to be coded. However, the implementation used in this project included coding of the difference
(symbol) between adjacent pixels (data). This modification is useful in cases of low frequency signals, like
images, because it yields a reduction of the range of the symbols representing the image. A reduction in this
range yields, in turn, an increase in compression ratio. Another characteristic of the actual implementation
of the Arithmetic coding process is to have an adaptive model of the source. An adaptive model means that
the model of the source, i.e. the image, is updated with each new symbol that is coded.  This allows the use
of the algorithm with any image in the dataset [2]. Although the compression ratios obtained with this
technique depend on each image, an average CR of about 2:1 [2] was observed when it was applied to
Visible Human images before segmentation. As an example, when the Adaptive Arithmetic Coding was
applied to the segmented image in figure 5, the CR was 8.56:1.

Statistical Error Analysis

Lossless Coding

The traditional statistical quality measures such as the mean square error (MSE) and the peak signal to
Noise ratio (PSNR) are not applicable to lossless coding since by definition the encoding process does not
introduce any error. Therefore the decoded image should be the same as the original. The missclassification
rate of the pixels in the segmented image can not be computed since no truth models of the anatomical parts
of the Visible Human color images are currently available. However, the elimination of the blue regions
within the anatomical parts is justified since these blue regions are considered to be artifacts caused by the
blue gel interjected into the Visible Human bodies during the preparation prior to slicing.

Lossy Coding

In order to achieve large compression ratios for fast transmission of images some information must be
sacrificed.  An ideal algorithm makes better use of the losses so that they are less apparent to the user.  In
the following a comparison is be made between the widely used standard JPEG (Joint Photographic Experts
Group) [8] and a newer technique EZW (Embedded Zerotrees Wavelet [9].  The comparison will include a
statistical analysis and a list of advantages and disadvantages the algorithm possesses.

The problem at hand is to obtain the best image quality for a given bit rate in the shortest amount of
time.  Currently image quality is measured quantitatively with statistics such as PSNR (Peak Signal to
Noise Ratio) and MSE (Mean Squared Error) or qualitatively by a human expert.  These statistics measure



how the compressed image differs from the original through a pixel by pixel comparison.  The distortions
created in the images are called artifacts.  The main artifact noticed qualitatively in JPEG is the blocking
artifact.  This occurs since the algorithm operates on 8x8 blocks by applying the DCT (Discrete Cosine
Transform) transform then using scalar quantization on these individual blocks [8].  The EZW algorithm
does not posses this artifact because it does not break the image down into small blocks, instead a wavelet
transform is applied to the entire image creating a multi-resolution data pattern and a scalar quantization
technique is used to compress [9].  The main artifact in EZW is a blurring effect, which is more soothing to
the eyes than sharp blocks.  Examples of both artifacts are pictured in figure 6.  Another disadvantage of
the JPEG algorithm is its variable code rate in which the level of compression differs from image to image.
With the EZW algorithm the code rate can be assigned a priori.  Therefore the entire Visible Human color
dataset can be compressed at the same predetermined assigned rates.  When comparing the run times of
EZW and JPEG the JPEG algorithm performs much faster.  This is because the problem is divided into 8x8
blocks which can easily fit into any processor’s cache memory, while the EZW algorithm must utilize
RAM in order to operate on the entire image.  The EZW algorithm also requires more computations thus
slowing it down.  As RAM and processors increase in speed this time gap is narrowing quickly.  In order to
compare the two algorithms on the Visible Human Dataset, 6 female and 6 male images were selected.
Two comparisons were made, one with the background segmented leaving the fiduciary marks, and one
with the background included.  The results show that quality improves for both algorithms when the
background is segmented.  The statistical analysis quantitatively proves that EZW gives better image
quality than JPEG at high compression ratios, while they perform similarly at low compression ratios.  The
decompression time for JPEG is much faster than that of EZW.

The experimental compression ratios were chosen by first compressing the images with JPEG at two
different quality factors.  The compression ratio was then calculated dividing the original file size by the
compressed file size. These compression ratios were used to compress the same images using EZW. figure
7 shows the results of Mean Square Error (MSE) calculation for this experiment and figure 8 the
compression ratios obtained.

Based on these results the JPEG and EZW algorithms perform statistically the same.  The main
advantage of the JPEG algorithm is its decompression speed that is much quicker than EZW.  The artifacts
for both algorithms are not visible in the high quality images and barely visible in the low quality.  Our
statistical analysis shows no difference in performance between JPEG and EZW.  A qualitative visual
analysis shows that the artifacts are barely present for the compression ratios chosen concluding neither
algorithm has an advantage.  Therefore, the main advantage here is the decompression time where JPEG
has a clear lead.  Therefore JPEG is proposed to lossily compress the segmented visible human male and
female detasets.

Overall System Performance Analysis for Fast Transmission

An overall performance analysis of the system was done using the compressed test images. This
analysis involved the actual decoding time for lossily and losslessly compressed images as well as the
calculated transmission time over a traffic-free T1 line. Figure 9 shows the performance analysis from
which it can be seen that the time difference between the use of lossily and losslessly compressed images is
not significant compared to the advantage of having perfect reconstruction from the losslessly compressed
VH images.

Java software design

Java was selected as the programming language for viewing and display in order for the program to be
usable by a large public. A program was needed for the user to correlate the image selection to a section of
the body.  To do this, a picture of the whole body (male or female) is displayed with a superimposed
selection window that can be positioned and resized using the user’s mouse. The user can also see preview
images from the top and bottom ranges of the selection box. These preview images are highly JPEG-
compressed images (CR ≈ 200:1) that are resized and displayed any time the user selects the “Update
Preview” button. These preview images may be viewed at full resolution by selection of the “Top Preview
View” or “Bottom Preview View” buttons.  In order to fine tune the selection a “Up 2 Slices” or “Down 2



Slice” button can be used.  In addition, the text file names of the selected images are also displayed. In the
menu bar the user then has the ability to choose the quality level of the image.  There are two choices of
compression, the perfectly lossless quality or the degraded lossy quality with smaller file size.  These are
the files that are downloaded by the user once they select to download from the pull down menu.  Once
they choose to download, the native “file save” dialog box appears for the user to select the directory in
which to save the image files.  The menu bar also has the menu to select between the male or female data
sets. Figure 10 shows a snapshot of the selection/downloader Java applet with the selection tools
highlighted.

The process of selection and downloading is done on-line but the viewing part is performed off-line.
That is, a user has to be connected to the Internet to select the images of one’s interest and download them
into the user’s computer, but once they are stored the images can be decompressed and viewed off-line.
That is why there is another application, called the “viewer”, that allows the user to read in compressed
images (jpeg or aac), decompress, and display them. Then the decompressed images can be stored again in
“raw” format if desired so these can be used by other commercial imaging packages. Figure 11 shows a
snapshot of the viewer.

Block diagram of the system

Figure 12 shows the block diagram of the system implemented for this project. The web server at NLM
stores the compressed files along with the code for the selection/downloader applet and the viewer
application.  The user, through the Internet, can download the code to run the applet on-line and the viewer
off-line. He can also download and store the files of the compressed images and view them using the
viewer.

Results

Actual transmission times for original and compressed VH images were recorded in order to address
the advantages of the system. The following were the characteristics of the test:

• Test images:
• Original images:

• A_vm1091.raw, file size: 7,471,104 bytes, 7.4 MB
• A_vm1421.raw, file size: 7,471,104 bytes, 7.4 MB
• A_vm2417.raw, file size: 7,471,104 bytes, 7.4 MB

• Compressed images:
• Vm1091.aac, file size: 515,545 bytes, CR=14.49:1
• Vm1421.aac, file size: 2,011,379 bytes, CR=3.71:1
• Vm2417.aac, file size: 648,704 bytes, CR= 11.52:1

• Method of transmission
• ftp from ceb.nlm.nih.gov to ee066.dhcp.ttu.edu
• binary mode

• Time of day for transmission: 8 am, 10 am, 12 pm, 2 pm, 4 pm, 10 pm.

Figure 13 shows the images used for testing.

Is to be noted that during the peak traffic load for T1 line, i.e. from 2 p.m. to 4 p.m., the transmission
time taken by the compressed image is approximately 4 to 56 times faster that the raw image as shown in
figure 14. Figure 15 shows the corresponding graphs.

System installation

An important feature of the system is its easy installation. First, the user has to use his web browser to
access the home page of the system. This home page contains all the required instructions to obtain and run



the downloader Applet and Viewer application. The installation is a straightforward process that requires to
create a new subdirectory, download three self-extracting files and run the corresponding batch file. After
this, the user can run the Applet to select and download compressed images and view them using the
viewer application.

Conclusions

From the results presented in the previous section it is clear that the system accomplished the goal of
reducing the size of the files of the VH datasets in a significant way. Actual calculations yield an average
CR of 7.83:1 for both the male and female datasets. The difference between the experimental and actual
CRs lies in the fact that for experimentation just selected parts of the male dataset were used. However, the
use of the female dataset has two impacts; firstly, the anatomical parts of the female occupy a larger
percentage of the total image compared to the male, i.e. there is less background to discard, and secondly,
the density of images per cm is three times larger for the female dataset.

The use of the interactive selection/downloader Applet allows the user to easily browse the male and
female datasets and get the images that are of interest. The use of the off-line viewer allows the user to keep
the compressed versions of the images or save them in a commercial format. These four characteristics of
the system, namely reduced size of the images, reduced transmission times, interactivity, and off-line
viewing, will attract more users from around the world and with multiple interests to access this important
medical data set.

Another advantage of the system is that it can be used with the high resolution RGB VH images with
minor modifications. These modifications involve

1. Scale size of images to the new size.
2. Scale coordinates and size of segmentation windows to the new coordinates and size. This step is

simpler if the low resolution images have their corresponding counterparts in the high resolution
datasets.

3. Change the name of the images to be processed in the adaptive arithmetic coding source codes
4. Take new statistics on compression ratios and transmission times.
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Figures

Figure 1. Original VH image and horizontal profile at row 590.

Figure 2. Red, green, and blue pixel values along the image profile (row 590).

Figure 3. Hue values along the image profile (row 590).



Figure 4. Graphical steps of segmentation.

Figure 5. Example of segmentation windows.

Figure 6. Crop of low quality (CR=140:1) showing the JPEG blocking (left) and EZW smoothing (right)
artifacts.



Figure 7. Statistical analysis of male and females images at two different CRs.



Figure 8. Comparison of compression ratios for male and female images using EZW.

Figure 9. Overall analysis of the performance of the system.



Figure 11. Snapshot of the viewer application.



Figure 12. Block diagram of the system.

Figure 13. Male images used for testing from (a) head, (b) torso, and (c) knees.



Figure 14. Transmission times.

Figure 15. Plot of transmission times.


